Researchers and designers find it challenging to use traditional methods to establish cognitive and affective empathy with persons with dementia (PWD) and informal caregivers of PWD (CPWD). We used participatory design (PD) to learn about and design for the experiences of PWD and CPWD. Here, we present our experience applying PD in a design project with PWD and another with CPWD. We discuss challenges we faced regarding choice of method, relationship with project partners, and working with an older, cognitively impaired population. Finally, we describe lessons learned using PD methods with PWD and CPWD. 
INTRODUCTION
Dementia is a general term for the loss of mental abilities caused by degenerative disorders affecting the brain [1] . Designing for persons with dementia (PWD) and informal caregivers of PWD (CPWD) requires empathy from designers, but achieving empathy is difficult due to the unique cognitive, psychiatric, physical, and linguistic impairments of PWD [2] [3] [4] . Thus, directly interacting with PWD and CPWD is essential [5] . Participatory design (PD) methods in particular provide not only direct interaction but also opportunities for PWD and CPWD to add their voice to the design process [6] . However, implementing PD methods is challenging because of aforementioned impairment and other limitations [6, 7] .
In this paper we add to the nascent literature describing implementing PD with PWD and CPWD [8] , as well as studies in general describing implementation challenges and strategies related to field research in the health domain [9, 10] .
CASE STUDY
We conducted two projects as part of an academiccommunity partnership called B-PHIT Indy (BrainProtective Health Information Technology, Indianapolis). B-PHIT Indy was an action research initiative between the Health Innovation Lab at Indiana University -Indianapolis (USA) and local entities concerned with senior brain health, including two partners serving PWD and CPWD. The goals of the B-PHIT Indy initiative were to: 1) engage partnering community organizations in developing joint projects and 2) include "end-users" from the community in product co-design and evaluation. A key objective of the initiative was to uncover the challenges and lessons learned when performing PD with cognitively impaired individuals and their formal and informal caregivers.
PD Approach
In addition to learning how best to work with PWD and CPWD in a participatory manner, achieving project goals involved quickly resolving emerging research challenges and incorporating lessons learned in subsequent phases of PD. Thus, we modified a Design Thinking framework [11, 12] to incorporate multiple iterations of participant interactions within as well as between research phases. For example, in one project this meant multiple instances of PWD using a designed product, with small experimental changes to instructions and facilitation style during each session. These planned iterations afforded the team opportunities to quickly review and adjust methods [13, 14] .
In addition, we adopted the agile concept of featurebased design, where the design product is divided into features that can be designed and tested independently [15, 16] , supporting short-term deliverables while concurrently managing multiple features.
Project 1: CARE Kit
The CARE Kit project's goals were to: 1) investigate the current use of a paper-based information management system called the CARE Kit and 2) provide design recommendations for a digital version of the CARE Kit. The paper CARE Kit enabled caregivers to assemble, share, update, and manage care recipients' information. However, the community partner and academic research team shared a vision of leveraging digital tools to facilitate better aggregation, updating, portability, security, and sharing of personal health information better matched to the dynamic needs of caregivers, particularly in light of the progressive nature of dementia in aging individuals [17, 18] .
The project used narrative interviews [19] and card sorting [12] with CPWD and paid staff at Joy's House, an Indianapolis (USA) based not-for-profit adult day service. We interviewed ten caregivers and four day-service staff about their caregiving experiences, information management practices, and use of CARE Kit. We performed card sorting and artifact analysis to understand caregivers' use of and prioritization of care recipients' personal health information.
Project 2: Fulfilling activities
This project aimed to create an intervention to engage PWD in enjoyable and rewarding meaningful activities. The project's two phases were done with community partners Joy`s House and the Aging Brain Care outpatient program of a large community medical center.
In phase one, we performed six group interviews with professionals: three sessions with Joy's House staff and volunteers and three with Aging Brain Care nurses and social workers. Participants (usually 3-5 per session) were prompted to discuss activity content, delivery strategies, and outcomes for PWD engaging in meaningful activities.
In parallel, the team engaged in weekly participantobserver immersions as activity volunteers at Joy`s House, engaging with PWD with different levels of impairment.
Phase two was comprised of PD sessions, prototyping, and testing interfaces of iterative prototypes of "Joy in a Box", a portable activity kit offering PWD safe activities tailored to different levels of impairment, identity, and interests. We tested individual engagement with prototypes and specific hypotheses about design components (e.g., placement of instructions, physical product design).
CHALLENGES
During the execution of the case projects, we faced a series of challenges to performing PD activities with the participant population of PWD and CPWD.
Impairment related challenges
Involving PWDs in PD activities resulted in logistic challenges such as slow-paced recruitment, in line with prior findings [20] [21] [22] . We also faced challenges related to participants' capacity to comprehend and perform the design methods. For instance, during the first PD session for "Joy in a Box", participants engaged with the prototype of a gardening kit and discussed it afterwards. However, it was challenging to communicate the goal of the activity and interpret participant comments without providing guidance on using the prototype itself.
Another impairment-related challenge was the tendency to exhibit mood swings and rapid changes of opinion. This required having additional material and, when possible, a backup plan for such cases. To perform group activities, the team had to become familiar with specific behavioral patterns of participants: for instance, Mr. Thomas likes to hug and Ms. Devlin does not like to talk but loves to draw. The team also had to understand how participants functioned as a group, how their personalities impacted each other, and how group dynamics affected the activity.
Relationship challenges
As enriching as it was to include stakeholders with different backgrounds and expertise from multiple community organizations, communicating the expectations and outcomes of each research activity was challenging.
Additionally, the capacity to establish a comfortable space and trust with participants (both PWD and CPWD) proved crucial to achieving success. Participating in narrative interviews led some CPWD to recall emotional and stressful memories. Moderating emotionally stressful sessions required our personnel to learn to be neutral and task-focused on the one hand and empathetic and comforting on the other.
Methodological challenges
With multiple methods being used simultaneously, the team had to manage several procedure-specific challenges.
For instance, during project 2, we had to organize the team's work schedule to accommodate parallel discussions with two different groups of participants and summarize the findings before the next round of interviews. We ended up with a weekly schedule cycling between group interviews, intensive team meetings for discussion and planning, and immersions. These activities informed each other and were scheduled to allow for efficient data collection with busy professionals.
LESSONS LEARNED
The research team also learned a variety of lessons, translating in six recommendations for future PD work of this type. The recommendations complement others related to ensuring safety, methods quality and engagement when using PD methods with PWD [8, 23] .
Get to know participants individually
During our procedures, we found that is important to have as much information as possible about each participant. This means knowing who they are, where they come from, what they like, and what they dislike. Knowing this will help the researcher not only make the participant more comfortable to engage in research activities but helps to anticipate and prepare for potential issues that can impact the study procedures. It is possible to collect information about participants by communicating with them in advance. Another possibility is to work with CPWD to understand individual PWD participants and collect advice on how to handle behavioral incidents. Early engagement with participants through immersion gave us a chance to acquire information about them, facilitating later project stages.
Adjust methods to participant limitations and motivations
Researchers should be able to adjust methods and materials to suit participant needs. Adjustments that worked included always having paper and colored pencils, budgeting extra time for sessions, splitting activities into multiple small sessions instead of one long session, and reserving additional space and materials for informal caregivers.
Much of the literature reporting guidelines and recommendations for PD with PWD focuses on preparing support materials and communicating with participants [8, 23] . Additionally, we identified the importance of preparing the space to be used for the activity. Suggestions include clearing exterior elements that can distract or interfere with participants' attention, while at the same time providing comfort and familiarity to motivate engagement.
Be respectful and open to change
Researchers working with PWD and CPWD should always be open and attentive to participant requests, even ones perceived as impolite or unexpected. During a PD session, the researcher may need to identify underlying needs and adjust accordingly. If the activity is frustrating to a participant due to motor impairment, the researcher could shift to a conversational procedure, where the participant verbally guides task execution while the researcher performs the physical actions.
Have a plan B
In addition to adjusting methods within session, a secondary plan can be useful in case one method fails to collect desired data. For example, if group PD sessions did not work, the researcher may attempt individual sessions. If structured surveys failed, unstructured or semi-structured interviews may be indicated.
Gain the support of informal or formal caregivers
Others have noted the important role CPWD can play in facilitating communication with PWD in PD activities [5] , but the support of people close to the PWD can help both before and during PD procedures: to know more about the participant and to manage any issues that arise later. CPWD need not be an active part of the procedure; it may be sufficient that they are simply present.
CONCLUSIONS
Using PD methods with PWD and CPWD presents unique challenges compared to PD with unimpaired or differently impaired individuals. While ours was not an exhaustive list of all the challenges -and joys -that this entails, we urge designers and PD practitioners to plan for the ones we identified above as well as contribute their own.
For both projects in the B-PHIT Indy initiative, partnering with community organizations helped to anticipate and overcome many challenges, while offering opportunities to design and maximize results. By sharing our experiences and lessons learned we seek to both enlighten and engage our colleagues in: 1) using PD with PWD and CPWD; 2) describing their own experiences and strategies; and 3) performing investigations to rigorously test strategies towards an evidence base for PD practice in this important domain.
